From the Latin ''tri'' (three) and ''optic'' (vision) for the large opening in the skull roof, resembling a third eye socket. The specific name is from the Latin ''primus'' (first).
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In Brief
Stocker et al. describe Triopticus primus, a bizarre Late Triassic animal, whose skull structure is converged on by distantly related pachycephalosaur dinosaurs. The unique body plans observed in Triopticus and other archosaurs at the ''dawn of the age of dinosaurs'' re-evolved in dinosaurs and crocodylians after the end-Triassic mass extinction.
Similarities in body plan evolution, such as wings in pterosaurs, birds, and bats or limblessness in snakes and amphisbaenians, can be recognized as classical examples of convergence among animals [1] [2] [3] . We introduce a new Triassic stem archosaur that is unexpectedly and remarkably convergent with the ''domeheaded'' pachycephalosaur dinosaurs that lived over 100 million years later. Surprisingly, numerous additional taxa in the same assemblage (the Otis Chalk assemblage from the Dockum Group of Texas) demonstrate the early acquisition of morphological novelties that were later convergently evolved by post-Triassic dinosaurs. As one of the most successful clades of terrestrial vertebrates, dinosaurs came to occupy an extensive morphospace throughout their diversification in the Mesozoic Era [4, 5] , but their distant relatives were first to evolve many of those ''dinosaurian'' body plans in the Triassic Period [6] [7] [8] . Our analysis of convergence between archosauromorphs from the Triassic Period and post-Triassic archosaurs demonstrates the early and extensive exploration of morphospace captured in a single Late Triassic assemblage, and we hypothesize that many of the ''novel'' morphotypes interpreted to occur among archosaurs later in the Mesozoic already were in place during the initial Triassic archosauromorph, largely non-dinosaurian, radiation and only later convergently evolved in diverse dinosaurian lineages.
RESULTS AND DISCUSSION
Following the end-Permian extinctions, crown-group reptiles underwent an extensive diversification [9] . From this radiation, archosauromorphs (reptiles closer to birds and crocodylians than to squamates) preserve one of the most diverse and disparate fossil records within Reptilia [4, 5] . The oldest and best-documented terrestrial record of this archosauromorph diversification in North America is the Late Triassic Otis Chalk assemblage [10] . This assemblage includes an exceptional range of disparate cranial morphologies, dental modifications, and overall bauplans. Common clades in this assemblage are phytosaurs, with hyper-elongated and narrow rostra that have invoked statements of convergence with extant crocodylians [7] , and armored aetosaurs, resembling the Cretaceous tanklike ankylosaurian dinosaurs [8] . Reevaluation of the Otis Chalk assemblage (Supplemental Information) has illuminated further examples of convergent morphology, such as a shuvosaurid similar to Effigia that mimics the ornithomimid ''ostrich-dinosaurs'' [8, 11, 12] . Exemplifying this extreme morphological convergence, we present here a new dome-headed taxon from the assemblage, which further illustrates the extraordinary range of morphological disparity present early in the Late Triassic. 
Systematic Paleontology

Etymology
From the Latin ''tri'' (three) and ''optic' ' (vision) for the large opening in the skull roof, resembling a third eye socket. The specific name is from the Latin ''primus'' (first).
Holotype
Texas Vertebrate Paleontology Collections, The University of Texas at Austin (TMM) 31100-1030, posterior portion of a skull (Figures 1 and 2 ; Supplemental Information).
Locality and Age
Quarry 3 of the Otis Chalk localities (TMM 31100), Dockum Group, Howard County, Texas, USA. Based on biostratigraphic and lithologic correlations, the Otis Chalk localities are interpreted as Upper Triassic (latest Carnian-early Norian), 228-220 million years (Supplemental Information).
Diagnosis
Triopticus differs from all other archosauriforms based on a unique character combination: enlarged, highly ossified cranial region of skull; enlarged orbits relative to other reptiles; fused circumorbital elements; deep pit in posterodorsal surface of skull. Triopticus differs from all basal dinosaurs by the presence of a horizontally oriented parabasisphenoid, broadly open posttemporal fenestrae, and a hidden squamosal-quadrate contact.
Description
The holotype braincase of Triopticus primus (TMM 31100-1030) is remarkable for its development of cranial excrescences or bosses that are broadly similar to those of pachycephalosaurian dinosaurs [13, 14] . The holotype individual was likely a skeletally mature individual based on the apparent closure of nearly all sutures, as evidenced by the difficulty in tracing any clear sutures within the braincase, even in the computed tomography (CT) scan data. As a result, it is difficult to ascribe the bosses to individual bones with certainty, and thus we describe the morphology in the general anatomical regions occupied by the definitive bones. In dorsal view (see Figures 2L and 2M) , five more or less discrete bosses can be identified, one of which is median (the frontal boss) and two of which are paired (the postorbital and squamosal-parietal bosses). The posterior margin of the skull, formed by the squamosal-parietal bosses, is expanded mediolaterally and posteriorly, forming a thickened shelf that overhangs and projects posteriorly well beyond the occiput; such morphology is shared with and diagnostic of Marginocephalia [15] , the clade including Pachycephalosauria and Ceratopsia. As in pachycephalosaurs [14] , all of the cartilages around the orbit (e.g., interorbital septum, sphenoid and ethmoid cartilages) are fully mineralized, which is extremely rare in archosauriforms. Abbreviations are as follows: af, antorbital fenestra; afo, antorbital fossa; bo, basioccipital; la, lacrimal; ls, laterosphenoid; or, orbit; pbs, parabasisphenoid; pf, posttemporal fenestra; pit, large median pit in skull roof; q, quadrate; stf, supratemporal fenestra. Arrows indicate anterior direction. Scale bars, 1cm. See also Figure S1 .
In all cases, the surfaces of the bosses show dermal sculpture that is highly roughened, presumably reflective of hypermineralization (i.e., calcification and/or deposition of bone minerals such as hydroxyapatite in tissues that are not typically mineralized in related species) and ultimately ossification of the dermis, as in a variety of other archosaurs [16, 17] . Thus, it is likely that these bosses were covered in some kind of tough keratinized epidermal covering, although the exact form of the integumentary covering is unknown. All five bosses surround a curious large, approximately 2 cm-deep, median pit, the nominative attribute of Triopticus. The fact that the surrounding surfacebone ornamentation continues into the pit suggests that the walls of the pit likewise were covered with integument. Its most likely interpretation is as an epiphenomenon resulting from expansion of the surrounding paired bosses noted above (much like the hole of a doughnut). Another less likely but still viable hypothesis is that the pit is a pineal foramen ( Figure 1D ), although this character state is not present otherwise in Archosauriformes [18] (Supplemental Information).
The internal structure of the bosses shows potential ''zonation'' of bone microstructure, perhaps suggesting that the observed convergence with pachycephalosaurs is literally ''more than skin deep.'' Goodwin and Horner [19] noted that in pachycephalosaurs, the histological structure of the dome can be partitioned into three zones: zone I is deepest and largely resembles normal skull roofing bones, zone II is intermediate in depth and is porous and vascular, and zone III is most superficial and less vascular. Evans et al. [13] identified these same three zones based on CT scan data, and we show ( Figure 2H ) the zonation in our own CT scan data of the pachycephalosaurid Stegoceras validum (UALVP 2). Triopticus can also be interpreted as having a similar kind of three-part zonation ( Figures 2J and 2L ). The deepest layer (''zone I'') clearly pertains to the typical skull roofing elements. ''Zone II'' and ''zone III'' also are clearly visible as distinct zones and are consistent throughout at least the frontal boss region, as evidenced by an axial slice ( Figure 2J ). Zone II also is very porous, and enough of the pore spaces could be traced to show continuity consistent with a vascular interpretation, although general cancellous structure cannot be ruled out in some areas. It may be relevant here that Goodwin and Horner [19] noted that vascular porosity decreases as pachycephalosaurs age, and, as stated above, the holotype specimen of Triopticus apparently is from a skeletally mature individual. We do not want to make more of the similarity than is merited; the structure is not identical. For example, in pachycephalosaurs, zone II is less dense than zone III [13, 19] , whereas the reverse is true in Triopticus, although this difference could relate not to biological density (e.g., vascular porosity) but rather to radiological density and the diagenetic deposition of radiodense minerals. Caveats notwithstanding, the possibility remains that evolutionary convergence in gross dome and/or boss structure may also carry over to histological structure, and this hypothesis could be tested with additional finds of Triopticus.
Anteriorly on the lacrimal, a narrow area of smooth bone with a finished anteroventral edge forms an antorbital fossa and fenestra, a critical character state that clearly places Triopticus within Archosauriformes [18] (see phylogenetic analysis in Supplemental Information). Posteriorly, the articulated left quadrate head is angled anteroventrally, implying the presence of a jaw joint anterior to the posterior margin of the skull as in, but not exclusive to, pachycephalosaurids [14] .
From CT scan data ( Figure 2 ; Supplemental Information), the digital cranial endocast reveals an overall structure of the brain and inner ear labyrinth that largely is consistent with that of other basal archosauriforms, although the semicircular canals are surprisingly elongate and the floccular lobe of the cerebellum is unexpectedly large. The endocast is superficially similar to that of the pachycephalosaur Stegoceras in structure and proportions, but that similarity can largely be attributed to generally plesiomorphic brain organization, coupled with hypermineralization of the surrounding cartilages and dermis associated with the braincase.
The Triassic Period, as exemplified by the Otis Chalk assemblage, was a time of bauplan experimentation among archosauromorphs, showing high disparity in the Late Triassic [20, 21] . Disparate cranial morphotypes include (1) elongated, possibly piscivorous-adapted rostra such as in proterochampsids and doswelliids, taken to the extreme of hyper-elongation in phytosaurs; (2) carnivorous and hypercarnivorous morphotypes like those of erythrosuchids, rauisuchids, and early dinosaurs; (3) ''herbivorous'' taxa with leaf-shaped teeth such as Azendohsaurus, aetosaurs, Revueltosaurus, and silesaurids; and (4) beaked taxa like shuvosaurids. However, these different morphotypes do not characterize monophyletic clades but rather reflect phylogenetic constraint from common ancestry [22] and within-Triassic morphological convergence across distantly related clades [5, 18, 23] , which highlights this time period as one of remarkable experimentation.
Dinosaurs and crocodylomorphs, the archosauromorphs that survived the end-Triassic extinction, in a sense, independently re-evolved morphological suites that first arose in the Triassic [4, 6-8, 24, 25] . Many of these recurring morphologies are found in post-Triassic ornithodirans, such as sauropodomorphs, ornithomimosaurs, and spinosaurid dinosaurs, but especially within Ornithischia, including thyreophorans (e.g., Scutellosaurus, ankylosaurs) and, as we demonstrate here, between Triopticus and Cretaceous pachycephalosaurs. These disparate morphotypes appear to be part of an iterative pattern of morphological evolution, where Triassic archosauromorphs occupied adaptive zones that dinosaurs filled later in the Mesozoic after the endTriassic extinction of most non-dinosaurian and non-crocodyliform archosauromorphs. For example, the elongate rostra of phytosaurs are repeated in spinosaurids (Theropoda) and also in extant crocodylians (Crocodylia); leaf-shaped teeth appear in ornithischians, therizinosaurs (Theropoda), and even some crocodyliforms [26] ; and beaks are known in ornithomimosaurs, oviraptorosaurs, and Aves (Theropoda).
Previously, these similarities only have been discussed superficially and anecdotally (e.g., [6, 8, 11] ). Therefore, to provide a quantitative examination of this morphological convergence across the Mesozoic, we analyzed an independent morphological character dataset, focused on examining the overlap of morphospace within a phylogenetic context (through previous, independent phylogenetic analyses; Supplemental Information) rather than highlighting rates of morphological character change or inferences of competitive succession. Moreover, this novel analysis is presented in a testable framework using non-metric multidimensional scaling (nMDS; Supplemental Information). Our morphological characters cover the full skeleton as well as indicate some functional interpretations (i.e., quadrupedal versus bipedal). We focused our choice of Triassic taxa on those found in the diverse Late Triassic Otis Chalk faunal assemblage in comparison with convergent post-Triassic taxa. We included archosauromorphs with a ''plesiomorphic'' bauplan to test whether the morphological convergence among these Triassic and post-Triassic taxa is the result of common ancestry or convergence.
Compared with our post-Triassic archosaur taxa, the Triassic archosauromorph taxa included in our analysis of skeletal (Figure 3A) and cranial ( Figure 3B ) morphospace indicate an extensive Triassic coverage of archosauromorph morphospace ( Figure 3C ). Clusters of taxa reflect (1) a central grouping of various plesiomorphic archosauromorph bauplans (i.e., Euparkeria, Prolacerta, Protorosaurus, Protosuchus); (2) convergent bauplans among Triassic archosauromorphs and post-Triassic archosaurs (e.g., long-snouted, armored, bipedal carnivorous, beaked, and dome-headed taxa). Analyzing only cranial characters, some groupings such as long-snouted taxa become more closely associated but are slightly separated in the complete bauplan analysis because they retain more plesiomorphic postcrania.
A prime point from our analysis is the lack of temporal overlap of each Triassic and post-Triassic morphotype (Figure 4) . The various sets of convergent taxa examined here are separated by ranges of a few tens of millions of years (e.g., Angistorhinus and Pelagosaurus) to over 100 million years in the case of Triopticus and Stegoceras. Moreover, the similar body plans of Effigia, Limusaurus, and Ornithomimus occur without temporal overlap spanning 150 million years. In the Otis Chalk assemblage, these early archosauromorph bauplans are present in a single time and locality, whereas post-Triassic representatives of these bauplans are spread across both time and space, never accumulating in one assemblage.
From our analyses, the archosauromorph radiation, which includes early dinosaurs, appears to show in the Triassic a near saturation of most archosauromorph morphospace for the Mesozoic. However, those Triassic archosauromorphs do not represent all subsequent archosaur bauplans, specifically those of ceratopsians, gigantic sauropodomorphs, and maniraptoran theropods. These dinosaurian morphotypes are unique across animals, having no convergent morphotype in the Phanerozoic. Similar patterns of early morphospace occupation, extinctions, and the convergent replacement of that morphospace have been proposed for Ediacara species [27] , early Paleozoic crinoids [28] , Late Cretaceous and early Paleogene reef fishes [29] , and several other groups [30, 31] , and each of these events may be reflective of deep constraints in both morphological evolution and in how environments transition to apparent ecological stability after mass extinctions (e.g., [32, 33] ). Whereas the endPermian extinction began the process of iterative evolution of disparate archosauromorph morphotypes, the end-Triassic extinction of most non-dinosaurian archosauriforms may have provided opportunities for the surviving archosaurs to repeat that process of bauplan experimentation radiating into Triassic ecomorphologies during the later portions of the Phanerozoic.
EXPERIMENTAL PROCEDURES Preparation Methods
The specimen was preserved in a red mudstone and covered in a 1 mm thick hematite rind. Gross mechanical preparation began with water, toothbrush, and carbide needle in pin vise to remove the mudstone; fine preparation continued with carbide needles in pin vise and an HW-10 airscribe. All mechanical preparation was under a Wild M8 binocular microscope. Preparation of the rugose dorsal surface of the skull was supplemented chemically with a 10% solution of acetic acid buffered with tri-basic calcium phosphate. Paraloid B-72 (Rohm and Haas) was used as an acid barrier, and Paleobond PB40 cyanoacrylate (Uncommon Conglomerates) was used to consolidate small cracks. Paraloid B-72 was used as a release agent, and Carbowax 1000 grade polyethylene glycol (Dow Chemical) was used as a gap filler. The skull was molded using Platsil 73-25 (Polytek) platinum silicone rubber. 
CT Methods
Phylogenetic Methods
We analyzed the phylogenetic relationships of Triopticus primus using a modified version of the matrix of [23] for Azendohsaurus madagaskarensis (see Supplemental Information for further details).
Disparity Analysis Methods
We quantified the apparent convergent morphologies of Late Triassic archosauromorphs and post-Triassic archosauromorphs using an ordination analysis (nMDS) performed in the R software packages Claddis [34] and vegan [35] on a morphological character matrix developed independently of the matrix used for the phylogenetic analysis. This matrix included a wide range of morphological features associated with specialized ecomorphologies that have been cited as convergently evolved between non-dinosaurian archosaurs and dinosaurs (e.g., [8, 24] ). We converted our character-taxon matrix of 28 taxa and 81 morphological characters into a distance matrix in Claddis [34] , which uses a combination of the Gower and generalized Euclidean distances, and ran an nMDS analysis using the metaMDS command in vegan [35] with four dimensions and a maximum of 1,000 random starts. See Supplemental Information for extended explanation of methods. 
SUPPLEMENTAL INFORMATION
Supplemental Information includes
